The realization of the scale, magnitude, and complexity of the water and sanitation problem at the global level has compelled international agencies and national governments to increase their resolve to face the challenge. There is extensive evidence on the independent effects of urbanicity (rural-urban environment) and wealth status on access to water and sanitation services in sub-Saharan Africa. However, our understanding of the joint effect of urbanicity and wealth on access to water and sanitation services across spatio-temporal scales is nascent.
Introduction
Access to improved water and sanitation are fundamental human rights and basic to the health of every person, nonetheless many people around the world do not have access to these basic needs (WHO/UNICEF, 2006) . People who are deprived of access to improved water and sanitation services face diminished opportunities to realize their potential (Watkins, 2006) . Unimproved drinking water and sanitation are the world's second biggest killer of children (Watkins, 2006) . Approximately 10,000 people die every day from water-and sanitation-related diseases, and thousands more suffer from a range of debilitating illnesses (World Bank, 2003) . Access to improved water sources and improved sanitation significantly reduce water-borne diseases (Armah, 2014; Pullan et al., 2014) .
In 1976, the United Nations Conference on Human Settlements launched the International Drinking Water Supply and Sanitation Decade (1981e1990) , which provided recommendations for urgent action on programmes to raise the quality and quantity of water supplies for urban and rural areas by 1990. This led to a commitment to improve water supply and sanitation coverage for the disadvantaged people lacking such services. A wide spectrum of low-cost water and sanitation options were applied in the course of the decade (Najlis and Edwards, 1991) . Nonetheless by 2013, approximately 1.3 billion people in the developing world lacked access to adequate quantities of clean water, and nearly 3 billion people were without adequate sanitation services (Bosch et al., 2002) .
As a sequel, the Millennium Development Goals (MDGs) ended in 2015 with significant progress in access to improved drinking water. The global target for drinking water was met in 2010 giving 91 percent of the global population access to improved drinking water as compared to 76 percent in 1990 (Mulenga et al., 2017) . By 2015, the Progress Report on Drinking Water, Sanitation and Hygiene (2017) of the World From a spatio-temporal perspective (across countries and over time), there is little empirical evidence on household level factors that systematically and jointly influence access to improved water and sanitation services and which of these factors transcend geopolitical boundaries. Overall, there is also incomplete understanding of how to incorporate initiatives at the household level into a wider planning and support framework in sub-Saharan Africa. Consolidating information on such factors would be relevant both nationally and regionally for policymaking. In this study, we conducted a pooled analysis of multi-country data to assist in the interpretation of complex, contradictory and quickly changing social contexts related to the water and sanitation problems in SSA. In particular, this study assessed household trends in access to improved water and sanitation for the past 25 years and evaluated the combined effect of relative residential well-being on access to improved water sources and sanitation facilities in sub Saharan Africa to inform policy and intervention design. Water and sanitation interventions can be strengthened or undermined by factors that assist or hinder access to safe water and adequate sanitation. Insight into factors that affect access to safe water and adequate sanitation can help various stakeholders to develop and implement solutions in SSA.
Materials and methods

Data source
This study uses nationally representative household survey data from Demographic and Health Surveys (DHS) for selected sub Saharan African (SSA) countries. DHS data are secondary data which provide several indicators for monitoring and impact assessment in the areas of population, health, and nutrition. DHS data are open source and can be accessed on DHS website (www.dhsprogram.com). The questionnaire of the DHS are standardized and pre-tested to ensure comparability across populations and over time. One important advantage of the DHS data is the vastness of data that are collected including demographic, social, wealth and health attributes and allow for in-depth analysis of the data, that goes beyond the count of prevalence and examine complex causal relationships or associations between social characteristics and health (Corsi et al., 2012) . Water and sanitation data are collected at the household level in the DHS. The surveys are based on probability sampling using existing sampling frames primarily, population censuses. The selection criteria for including a country in this study were as follows: (i) the country should be found in SSA based on the United Nations regional groupings; (ii) should have DHS dataset with standardised questions on sources of drinking water and type of toilet facility at the household level; (iii) should have datasets in all the threetimeframes for the study (i.e. 1990e1995, 2000e2005, and 2010e2015) (iv) should contain data on size of population without access to improved water sources and sanitation facilities.
Study countries
A total of 15 countries in SSA met the criteria (see Fig. 1 ). Where multiple datasets were available for one-time frame for the same country, the most recent survey was used (see Table 1 ). Table one gives detail information on countries included in this study and the year of available data.
Definitions of improved and unimproved water sources and sanitation facilities
The WHO/UNICEF Joint Monitoring Programme (JMP) 2017 report has reviewed the definition of improved and unimproved water sources and sanitation facilities and has established additional criteria relating to service levels. For drinking water, improved sources are those that have the potential to deliver safe water by nature of their design and construction. According to the report, an improved source should meet these three criteria: (i) it should be accessible on premises (ii) water should be available when needed (iii) the water supplied should be free from contamination.
Packaged water (bottled water and sachets of water) and delivered water are now classified as improved but these were previously considered as unimproved as a result of lack of data on accessibility, availability and quality.
For sanitation, improved facilities are those designed to hygienically separate excreta from human contact. The three main criteria for having a safely managed sanitation Table 2 .
Measures
Response variable
The response/dependent or outcome variables considered in this study were improved drinking water sources and improved sanitation facilities. Improved and Senegal 1992e1993, 2005 Cote d 'Ivoire 1994 , 2005 , 2011e2012 Cameroon 1991 , 2004 Ghana 1993 , 2003 , 2014 Kenya 1993 , 2003 , 2014 Madagascar 1992 , 2003e2004, 2011 Mali 1995 , 2001 , 2012e2013 Malawi 1992 , 2004 , 2015 Namibia 1992 , 2000 Rwanda 1992 , 2000 , 2014e2015 Burkina Faso 1993 , 2003 , 2010 Tanzania 1992e1993, 2004e2005, 2010 Uganda 1995 , 2000e2001, 2011 Zambia 1992 , 2001e2002, 2013e2014 Zimbabwe 1994 , 2005 , 2015 unimproved water sources or sanitation facilities were represented as dichotomous variables, with'1' representing 'improved' and '0' representing 'unimproved', respectively for both water sources and sanitation.
Key predictor variable
The predictor or independent variable was selected based on literature review, parsimony, practical significance and theoretical relevance. The predictor variable was derived from type of residence (ruraleurban) and wealth status (poorer, poor, middle, rich and richer). The wealth index is a composite measure of a household's cumulative living standard. The wealth index was calculated from data collected on ownership of durable assets, housing characteristics and access to services (Howe et al., 2009 ). Principal components analysis (PCA) was used to assign the indicator weights. The wealth index places individual households on a continuous scale of relative wealth. The DHS separates all interviewed households into five wealth quintiles to compare the influence of wealth on various populations.
For parsimony, the observations under poorer and poor were combined and recoded as 'poor'. Observations under richer and rich were also combined and recoded as 'rich'. This produced the predictor variable called urbanicity wealth status with six mutually exclusive groups: the urban poor (poor households in urban areas), urban middle (middle quintile households in urban areas), urban rich (rich quintile households in urban areas), rural poor (poor households in rural areas), rural middle (middle quintile households in rural areas) and rural rich (rich households in rural areas).
Compositional and contextual factors
Compositional factors refer to variables relating to the socio-demographic characteristics of individuals (Collins et al., 2017; Pol and Thomas, 2000) . Compositional factors comprise biosocial and socio-cultural factors. Biosocial characteristics are factors with an underlying biological or physical component which are characteristics present at birth and not amenable to change (Pol and Thomas, 2000) . Socio-cultural factors are customs, beliefs, lifestyles and values.
In this study, the compositional factors included gender of household head (male or female), age of household (young adult: below 35years, middle-age adult:
35e55 years, old age adult: above 55 years), household size (small: 1e5, medium: 6e10, large: above 10), level of education of household head (no education/preschool, primary, secondary, higher). Contextual factors are defined as the broader neighbourhood attributes or location-specific opportunities in a region, such as availability of and access to services (Collins et al., 2017; Ross and Mirowsky, 2008) . In this study, the contextual factors considered were country and year (1990e1995, 2000e2005, 2010e2015 
Multivariate regression
A complementary log-log regression model was fitted to the data at the multivariate level. The link function of this model is apt for binary outcomes that are symmetrical unlike the logit or probit models that are appropriate for modeling symmetrical binary outcomes (see Ajibade et al., 2014) . The complementary log-log transformation is expressed as
which is the inverse of the cumulative distribution function of the extreme value (or log-Weibull) distribution, with cumulative distribution:
For small values of p i , the complementary log-log transformation is close to the logit. As the probability increases, the transformation approaches infinity more slowly that either the probit or logit. Although the complementary log-log link differs from the probit and logit, one would need extremely large sample sizes, as in this study, to be able to discriminate empirically between these links.
In Eqs.
(1) and (2), the contributory role of urbanicity wealth status in determining access to improved water sources and sanitation facilities was estimated using a complementary log-log model and reported as exponentiated coefficients or odds ratios (OR). An OR of 1 means that predictor does not affect odds of access to improved water sources or improved sanitation facilities; OR > 1 means that predictor is associated with higher odds of access to improved water sources or improved sanitation facilities; and OR < 1 means that predictor is associated with lower odds of access to improved water sources or improved sanitation facilities. The study accounted for clustering of observations in units of household, and robust estimates of variance was used to correct for this and any statistical outliers in the estimation of standard errors. The study employed 95% confidence interval (CI) and the level of statistical significance was set at 0.05. Some compositional (sex of household head, age of household head, household size, level of education of household head) and contextual (year, country) variables that are known in literature to affect household access to improved water sources and sanitation facilities were controlled for in the models. The model was run separately for access to improved water sources and improved sanitation facilities. Three models namely urbanicity wealth of household head and biosocial (model 1), socio-cultural (model 2), and contextual (model 3) were ran. The analyses were performed separately for improved water sources and improved sanitation facilities. Selection of reference groups for the independent variables in the models was based on theory, literature and parsimony. Urban poor was chosen as the reference group for the key predictor, urbanicity wealth status. Urban poor are considered as vulnerable, marginalized and dwell in slums as well as lack access to improved water and sanitation (Armah et al., 2017a (Armah et al., , 2017b Hawkins et al., 2013) . The reference group selected for the sex was "male". Studies have shown that male in households are relatively less concerned about water and sanitation issues (Mulenga et al., 2017) . The young adult group was chosen as the reference group as they are usually in transition and may not be able to afford improved water and sanitations services. Lack of formal education was chosen as the reference category since it has a direct influence on affordability and decision-making capacity of households regarding access to water and sanitation services. The reference period "1990e1995" was selected as baseline for temporal assessment on inequality in access to water and sanitation services. The reference country selected for country variable was "Senegal". The water, sanitation and hygiene (WASH) performance index report, 2015 ranked Senegal above all the other 14 countries included in this study (Cronk et al., 2015) .
Ethical statement
The data used in this study was obtained using procedures and questionnaires that have been reviewed and approved by ICF Institutional Review Board (IRB). Besides, ICF IRB ensures that the survey complies with the United States Department of Health and Human Services regulations for the protection of human subjects CFR 46. The survey protocols for countries also complied with various host country laws.
Results
The study countries made significant progress in terms of access to improved water sources. Namibia had the highest ( Pearson chi-square and Cramer's V statistic were used to determine whether the observed differences in access to improved water sources and sanitation facilities, urbanicity wealth as well as the compositional factors and contextual factors were independent. The contingency tables (Tables 3 and 4) show the detailed results. The Pearson chi-squared statistic result rejected the hypotheses that access to improved water sources and sanitation facilities are independent of the urbanicity wealth of household, compositional and contextual factors. This means that urbanicity wealth status influences access to improved water sources and sanitation facilities. Besides, the probability values indicate that figures obtained for improved water sources and sanitation facilities were not by chance and that if the analyses were repeatedly ran same results will be obtained. The Cramer's V statistic indicated strong association between access to improved water sources and urbanicity wealth of household for the 25 year period, same association was observed for access to improved sanitation facilities and urbanicity wealth of household. Cramer's V statistic for contextual factors (country) indicated strong associations, however, that of the compositional factors showed very weak associations.
3.1. Urbanicity wealth status and access to improved water sources Table 5 shows the odds ratios, robust standard errors, probability values and confidence intervals associated with urbanicity wealth status of households, as well as compositional and contextual factors. Model 1 shows that rural poor (OR ¼ 0.540, P < 0.0001) and rural middle (OR ¼ 0.974, P < 0.0001) households were less likely to have access to improved water sources compared to poor urban households. The urban middle (OR ¼ 1.759, P < 0.0001), urban rich (OR ¼ 3.105, P < 0.0001) and rural rich (OR ¼ 1.410, P < 0.0001) households were more likely to have access to improved water sources than urban poor households. Female-headed households were 17.6 percent more likely to have access to improved water sources compared to male-headed households. Model 1 revealed that households with middle-aged adult (OR ¼ 0.977, P < 0.0001) and older-aged adult (OR ¼ 0.973, P < 0.0001) heads were less likely to have access to improved water sources than households with young adult heads.
The results from model 2, in which socio-cultural factors were controlled for, show that rural poor households were 42.5 percent less likely to have access to improved water sources compared to urban poor households. Again, urban middle (OR ¼ 1.707, P < 0.0001), urban rich (OR ¼ 2.877, P < 0.0001) and rural rich (OR ¼ 1.422, P < 0.0001) households were more likely to have access to improved water sources than urban poor households. Model 2 also shows that female-headed households were 18.1 percent more likely to have access to improved water sources compared to male-headed households. It was revealed in model 2 that households with middle-aged adult (OR ¼ 1.035, P < 0.0001) and older-aged adult (OR ¼ 1.074, P < 0.0001) heads were now slightly more likely to have access to improved water sources than households with young adult heads.
Medium-(OR ¼ 0.902, P < 0.0001) and large-(OR ¼ 0.891, P < 0.0001) size households were less likely to have access to improved water source compared to small-size households. Regarding level of education, households with heads that have primary level (OR ¼ 1.069, P < 0.0001), secondary level (OR ¼ 1.400, P < 0.0001) and higher education (OR ¼ 1.685, P < 0.0001) were more likely to have access to improved water sources than households with uneducated heads.
In model 3, we considered some contextual factors that can influence access to improved water sources. The year and the country where the households are located were controlled for in the model. These contextual factors mediated the relationship between the main predictor and access to improved water sources. Observations under rural middle households were not statistically significant in model 1 and 2 but became significant when the contextual variables were added in model 3.
Conversely, year and country variables attenuated the effect of age group of household head on access to improved water sources. Age group of household head variable was statistically significant in model 1 and 2 but ceased to be significant when the two contextual factors were considered in model 3. The results show rural poor households (OR ¼ 0.708, P < 0.0001) were still less likely to have access to improved water sources compared to poor households. We found that urban middle (OR ¼ 1.887, P < 0.0001), rural middle (OR ¼ 1.291, P < 0.0001), urban rich (OR ¼ 4.294, P < 0.0001) and rural rich (OR ¼ 1.916, P < 0.0001) households were more likely to have access to improved water sources than urban poor households.
Model 3 also shows that people in female-headed households were still 10.6 percent more likely to have access to improved water sources than male-headed households. With regards to household size, medium (OR ¼ 0.938, P < 0.0001) and large (OR ¼ 0.916, P < 0.0001) size households were still less likely to have access to improved water sources as compared to those in small size households. It was also observed that households with heads that have primary level (OR ¼ 1.024, P < 0.0001), secondary level (OR ¼ 1.168, P < 0.0001) and higher education (OR ¼ 1.398, P < 0.0001) were more likely to have access to improved water sources than households with heads who have no education. Temporally, households were 28. were less likely to have access to improved water sources compared to those in Senegal. Households in countries such as Ghana (OR ¼ 1.134, P < 0.0001),
Malawi (OR ¼ 1.177, P < 0.0001), Namibia (OR ¼ 1.574, P < 0.0001), Zimbabwe (OR ¼ 1.274, P < 0.0001) were more likely to have access to improve water sources compared with those in Senegal. Table 6 shows the three results for the multivariate analyses that were ran for access to improved sanitation facilities. Model 1 indicates that rural poor households (OR ¼ 0.847, P < 0.0001) were less likely to have access to improved sanitation facilities compared to urban poor households. We observed that urban middle (OR ¼ 2.023, P < 0.0001), rural middle (OR ¼ 1.444, P < 0.0001) urban rich (OR ¼ 3.389, P < 0.0001) and rural rich (OR ¼ 2.254, P < 0.0001) households were more likely to have access to improved sanitation facilities than urban poor households. It was also observed that female-headed households (OR ¼ 1.047, P < 0.0001) were slightly more likely to have access to improved sanitation facilities than maleheaded households. Model 1 shows that households with middle-aged adult (OR ¼ 1.059, P < 0.0001) and older-aged adult (OR ¼ 1.128, P < 0.0001) heads were more likely to have access to improved sanitation facilities than households with young adult heads.
Urbanicity wealth status and access to improved sanitation facilities
After controlling for the socio-cultural factors in model 2, the results show that rural poor households were 6.6 percent less likely to have access to improved sanitation facilities compared to urban poor households. We found out that urban middle (OR ¼ 2.003, P < 0.0001), rural middle (OR ¼ 1.524, P < 0.0001) urban rich (OR ¼ 3.305, P < 0.0001) and rural rich (OR ¼ 2.370, P < 0.0001) households were more likely to have access to improved sanitation facilities than urban poor households. Female-headed households were 6.5 percent marginally more likely to have access to improved sanitation facilities compared to male-headed households.
Households with middle-aged adult (OR ¼ 1.017, P < 0.003) and older-aged adult (OR ¼ 1.060, P < 0.0001) heads were more likely to have access to improved sanitation facilities than households with young adult heads. Medium (OR ¼ 0.988 P < 0.020) and large (OR ¼ 0.933, P < 0.0001) size households were less likely to have access to improved sanitation facilities than small size households. With regards to level of education of household head, we observed that households with heads that have primary level (OR ¼ 1.419, P < 0.0001), secondary level (OR ¼ 1.509, P < 0.0001) and higher education (OR ¼ 1.814, P < 0.0001) education were more likely to have access to improved sanitation facilities than those who reside in households with heads that have no education.
Contextual factors (year and country) were controlled for in model 3. We observed that rural poor households (OR ¼ 0.745, P < 0.0001) were still less likely to have access to improved sanitation facilities compared to urban poor households. The model 3 shows that urban middle (OR ¼ 2.091, P < 0.0001), rural middle (OR ¼ 1.255, P < 0.0001), urban rich (OR ¼ 3.266, P < 0.0001) and rural rich (OR ¼ 1.915, P < 0.0001) households were more likely to have access to improved sanitation facilities than urban poor households. Female-headed households were 5 percent more likely to have access to improved sanitation facilities compared to male-headed households. Model 3 indicates that households with middle-aged adult (OR ¼ 1.059, P < 0.0001) and older-aged adult (1.128, P < 0.0001) heads were slightly more likely to have access to improved sanitation facilities than households with young adult heads. Regarding education, households with heads that have primary level (OR ¼ 1.269, P < 0.0001), secondary level (OR ¼ 1.637, P < 0.0001) and higher (OR ¼ 2.129, P < 0.0001) education were more likely to have access to improved sanitation facilities than households with heads that have no education.
Even though household size was statistically significant in model 2, contextual factors attenuated its effect in model 3. Considering the year in which the surveys were carried out, households in 2000e2005 (OR ¼ 1.273, P < 0.0001) were more likely to have access to improved sanitation facilities compared to those in 1990e1995. On the other hand, households in 2010e2015 (OR ¼ 0.552, P < 0.0001) were less likely to have access to improved sanitation facilities than those in 1990e1995.
When countries were controlled for, it was observed that households in the following countries: Cote d'Ivoire (OR ¼ 0.771, P < 0.0001), Kenya (OR ¼ 0.939, P < 0.011), Madagascar (OR ¼ 0.510, P < 0.0001), Namibia (OR ¼ 0.522, P < 0.0001), Burkina Faso (OR ¼ 0.428, P < 0.0001) and Zambia (OR ¼ 0.895, P < 0.0001) were less likely to have access to improved sanitation facilities compared to those in Senegal. Households in countries such as Mali (OR ¼ 1.168, P < 0.0001), Malawi (OR ¼ 2.013, P < 0.0001), Rwanda (OR ¼ 2.400, P < 0.0001), Tanzania (OR ¼ 1.299, P < 0.0001), Uganda (OR ¼ 1.114, P < 0.0001) and Zimbabwe (OR ¼ 1.276, P < 0.0001) were more likely to have access to improved sanitation facilities compared to those in Senegal.
Discussion
Comparative analyses on access to water and sanitation facilities in developing countries is fundamentally about using comparison across different units of analysis to delineate the mechanisms that explain variation among environmental, social, economic and health outcomes in those units and beyond them. The greater ease of acquiring comparable quantitative indicators, and the potential for exploiting both temporal and spatial variation through regression techniques that use pooled cross sectional time series, are technological advances that give credence to the value of multi-country studies. Both national comparisons and advanced statistical techniques using such data have moved knowledge forward in a variety of fields of inquiry within water and sanitation. We conducted a pooled analysis of data to assess the household level factors that determine access to water and sanitation services in fifteen countries across sub-Saharan Africa. Unlike previous studies which assessed the effect of rural-urban location and wealth on access to improved water sources and sanitation separately (see Roche et al., 2017; Tuyet-Hanh et al., 2016; Osei et al., 2015; Pullan et al., 2014) , the current study examined the joint effect of relative residential well-being (urbanicity and wealth status) on access to improved water sources and sanitation facilities in selected SSA countries.
Based on our findings, great improvements have been made in providing access to improved water sources in SSA from 1990 to 2015. The results show a consistent increase in access to improved water sources over the 25-year period, thus the odds of having access to improved water sources increased over the 25-year period as indicated in the multivariate analyses. It was observed that 74 percent of the population of the SSA countries studied had access to improved water sources in 2010e2015 which is higher than the MDG 2015 figure of 68 percent (UN, 2015) . (World Bank Group, 2015) . This, in combination with poorly planned human settlements, put many urban poor in SSA into slums.
The slum population is growing at 4.5 percent annually, and expected to double in 15 years (Marx, Stoker and Suri, 2013) . A study by Ndikumana and Pickbourn (2015) , has also shown that foreign aid to the water and sanitation sector has a non-linear effect on the percentage of the rural population that has access to improved sanitation. Generally, access to improved sanitation facilities increased with increase in foreign aid to a threshold beyond which further increases in aid are associated with declining access to sanitation. As shown by the results, both the urban and rural poor households are least likely to have access to improved water and sanitation facilities.
This raises two fundamental issues-economic access and spatial access. Economically, the poor cannot afford the initial high cost of both water and sanitation facilities, regardless of whether they are in urban or rural areas. Spatially, the urban poor, especially, are often confined to slums or areas without municipal services. And even if they can afford, they might be quite a distance away from improved facilities, resulting in additional high transaction cost. The urban rich, on the other hand, regardless of their locations, can have both economic and spatial access to improved facilities as they might have better access to transportation.
We observed that urbanicity wealth status of households had a strong association with access to improved water and sanitation facilities. Urban rich households were 329 percent more likely to have access to improved water sources and 227 percent more likely to have access to improved sanitation facilities compared to urban poor households. This means that access to improved water sources and sanitation is more concentrated in the rich households compared to the poor ones and this finding is in agreement with several studies (Mulenga et al., 2017; Tuyet-Hanh et al., 2016; Yang et al., 2013; Lawrence and Meigh, 2003) . The reason is that having wealth increases the ability to pay for municipal services, such as water and sanitation, even when the local authority or government is not providing these services. Rural poor households were found to be 29 percent less likely to have access to improved water sources and 25 percent less likely to have access to improved sanitation facilities compared to urban poor households. This suggests that the urban poor might be spatially closer to facilities or services but might not be able to afford, compared to their rural counterpart who might not have these services or facilities at all. This clearly shows the disparities between rural-urban population in terms of access to improved water and sanitation facilities. This is in consonance with literature which suggest that urban households stand a better chance of having access to improved water sources and sanitation facilities (Tuyet-Hanh et al., 2016; Yang et al., 2013; WHO and UNICEF, 2014; UN, 2015) .
The results show that gender of household head has association with access to improved water sources and sanitation facilities. Female-headed households had higher odds of access to improved water sources and sanitation. In many homes in SSA, women have the responsibility of managing water, sanitation and hygiene (WASH), cooking and other household chores. This direct connection with water and sanitation suggests that women could pay more attention to such issues than their male counterparts, and especially when women are the household heads. This finding is consistent with Mulenga et al. (2017) and Osei et al. (2015) .
Age of household head had no association with access to improved water sources but had a weak association with improved sanitation facilities. Households with middleaged and older-aged adult heads were more likely to have access to improved sanitation facilities than young adult headed households. Older people were able afford basic services as compared to young ones possibly because of their higher economic status.
The number of household members is one of the socio-cultural factors that were assessed in the multivariate analyses. Households with smaller size were observed to have higher odds of having access to improved water sources and sanitation facilities. This is in agreement with a study carried out by Armand and Fotu (2013) in Cameroon where they observed that increasing the size of a household decreases the likelihood of using improved water sources. The authors suggested that household wealth decreases with increasing size.
Furthermore, households with more educated heads were more likely to have access to improved water sources and sanitation facilities compared to households with less educated heads and this is consistent with previous studies (see Abubakar, 2017; Prasetyoputra and Irianti, 2013; Ordinioha and Owhondah, 2013; Okurut et al., 2015) . It may be attributed to the fact that educated people appreciate the respective benefits and cost of using improved and unimproved water sources or sanitation facilities. Therefore, awareness increases the likelihood of having access to improved sanitation facilities (Kema et al., 2012) .
The strong association between country and access to improved water sources and sanitation facilities suggests that geographical inequalities surpass ruralurban disparities and can be likened to urbanicity wealth inequalities (Pullan et al., 2014) . The large inter-country disparities in coverage of improved water sources and sanitation facilities in SSA has been reported (UNICEF/WHO, 2013). Our results suggest that there are substantial geographical inequalities in access of improved water sources and sanitation facilities across SSA that exceed simple urban-rural disparities and are of similar magnitude to the large socio-economic inequalities highlighted in a number of national studies (e.g. Pullan et al., 2014; Fehr et al., 2013 ; WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation, 2011; Khan et al., 2011) . The differences in coverage among countries can be attributed to difference in economic growth, infrastructure development, housing investment, government and nongovernmental organizations interventions etc. Studies show that unless governments and relevant stakeholders deliberately adopt strategies that target deprived areas and population groups, it is unlikely that countries will achieve universal coverage (Pullan et al., 2014; Taylor-Robinson et al., 2012; Murray et al., 2012; Laxminarayan et al., 2006) .
Limitations of the study
The study limitations may result in under-estimation of inequality in access to improved water sources and sanitation facilities. The DHS records type of drinking water and type of toilet facility by households instead of individuals. This presupposes that our analyses does not pay attention to inequality in access to improved water sources and sanitation facilities among members in the same household (intra-household) and therefore may underestimate inequality. With regards to wealth index, the assets recorded in the DHS were not intended to measure economic status of households but were included for other purposes. Some studies have stated that such asset-based measures have weak association with other measures such as consumption (Howe et al., 2009) . Even though, the criteria used in classifying improved drinking water sources and sanitation facilities in the Joint Monitoring Programme of the WHO/UNICEF are backed by empirical data, it is likely to overestimate or underestimate compliance.
Almost all data collected in DHS are subject to reporting and recall biases. This may affect some variables (age group of household heads, household size, and level of education) used in this study. However, detailed evaluation of DHS data has shown that these data are reasonably well reported (Boerma and Sommerfeltb, 1993) . DHS are conducted on an ongoing basis and independently within countries, meaning that the majority of participating countries are not measured at the same time, limiting the contemporaneous cross-national comparisons.
Conclusion
Access to improved water sources has increased over the last 25 years in the SSA countries studied. Access to improved sanitation facilities also increased from 1990-1995 to 2000e2005 however, it declined significantly in the 2010e2015 period. The study shows that the improvement observed in access to improved sanitation facilities is gradually being eroded. The region has experienced a high population growth rate and urbanization which were not accompanied by economic growth and investment in housing, water and sanitation infrastructure. This has resulted in mushrooming of slum communities which lack basic amenities and social services. Access to improved water sources was not affected because of the growing use of packaged and delivered water. The combined effect of residential wellbeing (urbanicity wealth status) had magnified effect on access to improved water sources and sanitation facilities. Compositional factors such as sex, age and level of education of household head as well as the size of household are strong and significantly contribute to the magnified disparities in access to improved water sources and sanitation facilities in SSA. This suggests that concerted policy initiatives are required to increase access to improved water sources and sanitation facilities in the households giving special attention to the underserved populations. Extensive inequalities in coverage of improved water sources and sanitation facilities among countries in the region are discernible from the results of this study. International bodies and policy makers responsible for water and sanitation programmes should take note that a common intervention approach will not be favourable for all countries in subSaharan Africa rather; interventions should be designed to meet the peculiar needs of specific countries. On the whole, compositional and contextual factors mediated or attenuated the magnitude and direction of the relationship between residential wealth status and access to improved water sources and sanitation facilities indicating that access to water and sanitation facilities in SSA is a complex and multifaceted issue that needs to be tackled holistically taking into consideration interdisciplinary research and policy interventions covering environment, culture, economics and human behaviour.
